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Abstract Although anti-T lymphocyte globulin-Frese-
nius (ATG-F) is commonly used as prophylaxis for graft-
versus-host disease (GVHD), the appropriate dosage of
ATG-F in the setting of a reduced-intensity conditioning
(RIC) regimen has not been determined. In the present
study, we retrospectively analyzed the clinical outcomes of
103 patients after unrelated bone marrow transplant
(uBMT) with RIC regimens. RIC regimens consisted of
purine analogue plus busulfan with low-dose TBI or ATG-
F (5-10 mg/kg in total). Median age was 57 years (range
20-68). The incidence of grade II-IV acute GVHD and
chronic GVHD with ATG-F was significantly lower than
that with TBI 2 Gy (15 vs. 61 %, P < 0.05; 33 vs. 57 %,
P < 0.05). The incidence of 2-year NRM with ATG-F was
significantly lower than that with TBI 2 Gy (6 vs. 28 %,
P < 0.05). There was no statistically significant difference
in the cumulative incidence of 2-year relapse between the
ATG-F and TBI 2 Gy groups (37 vs. 20 %, P = 0.13). In
conclusion, the addition of low-dose ATG-F to GVHD
prophylaxis in patients who received uBMT resulted in
decreased incidence of acute and chronic GVHD, which
led to a significantly reduced risk of NRM without com-
promising overall survival. The beneficial effect of low-
dose ATG-F should be assessed in a prospective clinical
trial.
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Introduction

After Slavin and co-workers [1-3] introduced a reduced-
intensity conditioning (RIC) regimen using fludarabine
(Flu)/busulfan (Bu), similar regimens have been widely
used worldwide. Bornhé&user et al. [2] reported that a RIC
regimen using Flu/Bu/Anti-T lymphocyte globulin (ATG)
was associated with a high risk of graft failure (GF). The
incidence of GF was higher in patients who received bone
marrow (BM, 31 %) as compared to unmanipulated
peripheral blood stem cells (PBSC, 10 %), although this
difference was not statistically significant [2]. In contrast,
Nagler et al. [3] reported that a RIC regimen using Flu/Bu/
ATG followed by an unrelated BMT (uBMT) was not
associated with GF. In general, PBSC is preferred in the
setting of RIC, due to the risk of GF [4]. However, in
Japan, only BM was able to be harvested from an unrelated
volunteer donor. Therefore, we incorporated TBI 4 Gy in
addition to purine analogue plus Bu to ensure engraftment
[5]. With this conditioning regimen, while all patients
(n = 17) achieved engraftment, 5 had grade IV acute graft-
versus-host disease (GVHD) and the incidence of non-
relapse mortality (NRM) was unacceptably high (1-year
NRM 46 %). Therefore, we thereafter reduced the dose of
TBI from 4 to 2 Gy.

Finke et al. [6, 7] reported that ATG-F as GVHD pro-
phylaxis reduced the incidences of acute and chronic
GVHD without comprising survival in patients with an
unrelated HSCT following a myeloablative conditioning
regimen. Therefore, we also incorporated low-dose ATG-F
instead of TBI to decrease GVHD-related deaths. Since
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Asian populations have a lower risk of GVHD than Cau-
casian populations, we used low-dose ATG-F (5 or 10 mg/
kg in total) [8~10]. Here, we retrospectively analyzed the
clinical outcomes in patients who received uBMT with a
RIC regimen in our institute. We focused on a comparison
of currently used regimens, and particularly those that
contain TBI 2 Gy and ATG-F.

Patients and methods
Study design

This was a single-center retrospective study that compared
3 RIC regimens (TBI 4 Gy-containing, n = 30; TBI 2 Gy-
containing, n = 40; ATG-F-containing, n = 33) in patients
who received uBMT from December 2001 to May 2009. In
Japan in the era considered in this study, only BMT could
be performed from an unrelated volunteer donor. This
study was approved by the Institutional Review Board of
National Cancer Center, Tokyo, Japan.

Clinical outcomes

Endpoints included neutrophil recovery, overall survival
(OS), progression-free survival (PFS), NRM, acute GVHD,
chronic GVHD and discontinuation of immunosuppressive
drugs. Neutrophil recovery was defined as an absolute
neutrophil count (ANC) of >0.5 x 10°/L for 3 consecutive
days. Incidences of grade II-IV or III-IV acute GVHD
were based on standard criteria [11]. Chronic GVHD was
defined according to Seattle’s group criteria [12]. When
typical chronic GVHD occurred before 100 days after
uBMT, it was also defined as chronic GVHD in this study.
Primary GF was defined in accordance with a previous
report as an ANC that did not exceed 500/mm> or the
absence of donor T cells (<5 %) before relapse, disease
progression, second HSCT, or death [13]. Secondary GF
was defined as a decrease in ANC of <100/mm’® at 3
determinations or the absence of donor T cells (<5 %) after
the initial engraftment without recovery before relapse,
disease progression, second HSCT, or death.

Statistical analysis

The probabilities of OS and PES were calculated by the
Kaplan—-Meier method. Cox proportional-hazards regres-
sion model was used to analyze OS and PFS. The cumu-
lative incidences of engraftment, NRM, GVHD and
discontinuation of immunosuppressive drugs were evalu-
ated using a model by Fine and Grey for the univariate and
multivariate analyses of cumulative incidence. In the
competing risk models for engraftment, GVHD and

discontinuation of immunosuppressive drugs, relapse and
death before these events were defined as competing risks.
In the competing risk models for NRM, relapse was defined
as a competing risk. In the competing risk models for GF,
relapse and NRM were defined as competing risks. Factors
that were associated with a two-sided P value <0.10 in the
univariate analysis were included in a multivariate ana-
lysis. We used a backward-stepwise selection algorithm
and retained only the statistically significant variables in
the final model. A two-sided P value <0.05 was considered
statistically significant. The variables evaluated in these
analyses were as follows: sex, patient’s age at the time of
uBMT (age > 55 years vs. age < 55), disease risk (stan-
dard risk vs. high risk), conditioning regimen (TBI 4 Gy
vs. TBI 2 Gy vs. ATG-F), and HLA disparity assessed by
allele typing of HLA A, B, C and DRB1. Standard risk was
defined as the first complete remission of acute leukemia or
the first chronic phase of chronic myeloid leukemia. High
risk was defined as other hematological malignancies. All
statistical analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University), which is a
graphical user interface for R (The R Foundation for Sta-
tistical Computing, version 2.13.0) [14]. More precisely, it
is a modified version of R commander (version 1.6-3) that
was designed to add statistical functions that are frequently
used in biostatistics.

Results
Patients’ characteristics

The characteristics of the 103 patients are shown in
Table 1. The median age was 57 years (range 20-68).
Thirty-six (35 %) and 15 (15 %) patients received bone
marrow from a donor with an HLA antigen and allele
mismatch, respectively. All patients received a RIC regi-
men as defined by previous reports [15, 16]. The condi-
tioning regimen included Flu (n = 87, 180 mg/kg) or
cladribine (n = 16, 0.66 mg/kg) + Bu (8 mg/kg oral or
6.4 mg/kg i.v.). Targeting of Bu was not performed. The
total dose of ATG-F was 10 mg/kg (n = 13) or 5 mg/kg
(n = 20). As GVHD prophylaxis, tacrolimus (TAC) was
mainly used in the TBI 2 Gy group and ATG-F group (90
and 90 %, respectively) and cyclosporine (CSP) was
mainly used in the TBI 4 Gy group (93 %).

Posttransplant complications
Surviving patients were followed up for a median of
1,494 days after uBMT (range 524-3,466 days). The

median follow-up of surviving patients in the TBI 4 Gy
group was significantly longer than those in the other

@ Springer
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Table 1 Patient characteristics

TBI 4 Gy TBI 2 Gy ATG-F P value
N (%) N (%) N (%)
No. of patients 30 40 33
Age, median 57 (27-67) 56 (20-68) 57 (24-66)
(range), year
Sex (Male/ 17113 28/12 17/16 0.25
Female)
Diagnosis
AML 15 (50) 17 (43) 15 (50) 0.02
MDS 6 (20) 3(8) 3 (10)
Lymphoma 5317 20 (50) 14 (47)
Others® 4 (13) 0 (0) 1(3)
Disease risk
Standard 5017 7 (18) 6 (18) 1.00
High 25 (83) 33 (83) 27 (82)
HLA mismatch
None 17 (57) 22 (55) 13 (39) 0.30
Mismatch 13 (43) 18 (45) 20 (61)
GVHD prophylaxis
CSP-based 28 (93) 4 (10) 5(15) <0.05
TAC-based 2 36 (90) 28 (85)
Conditioning
Fludarabine 19 (63) 35 (88) . 33 (100) <0.05
Cladribine 11 (37) 5(13) 0 ©)
Time period
2001-2003 22 (73) 0 0 <0.05
2004-2006 8 (27) 16 (40) 11 (33)
2007-2009 0 () 24 (60) 22 (66)

Cladribine group included more patients with CSP as GVHD pro-
phylaxis (10 patients, 63 %) and more patients transplanted from an
HLA matched donor (14 patients, 88 %) as compared to fludarabine
group. In patients who received ATG-F, 20 and 13 patients received
5 mg/kg and 10 mg/kg ATG-F, respectively. Whereas all patients
with 5 mg/kg received TAC as GVHD prophylaxis, 8 patients (62 %)
received TAC in patients who received 10 mg/kg

AML acute myeloid leukemia, MDS myelodysplastic syndrome, CSP
cyclosporin, TAC tacrolimus

# Others included multiple myeloma, myeloproliferative disorder and
acute lymphoblastic leukemia

groups (TBI1 4 Gy 2,782 days, TBI 2 Gy 1,164 days, ATG-
F 1,473 days), which reflects the change in our clinical
practice, but there was no significant difference in the
follow-up period between the TBI 2 Gy group and ATG-F
group. Neutrophil engraftment was observed in 102
patients (median 18 days, range 11-32 days, Fig. la).
Engraftment was achieved in 100, 93 and 97 % of the
patients at 30 days after uBMT in the TBI 4 Gy, TBI 2 Gy
and ATG-F groups, and there was no significant difference
among the 3 groups. Primary GF occurred in one patient
who received a conditioning regimen with ATG-F. Sec-
ondary GF occurred in 7 patients (TBI 4 Gy n = 1, ATG-F

@ Springer

n = 6). Five patients who had GF after uBMT underwent
salvage HSCT (cord blood transplant n = 4, haploidentical
transplant n = 1), and 4 patients were successfully rescued.
The other two patients had an autologous recovery and one
patient had progressive disease before a planned salvage
HSCT. The proportion of patients with GF with ATG-F
was significantly higher than those in the other 2 groups (3,
0,21 % in TBI 4 Gy, TBI 2 Gy and ATG-F, respectively;
P = 0.002). The cumulative incidences of GF including
both primary and secondary GF were 3.3, 0, 21.2 % in the
TBI 4 Gy, TBI 2 Gy and ATG-F groups, respectively
(Fig. 1b). In multivariate analysis, the use of ATG-F was
associated with an increased risk of GF as compared to the
use of low-dose TBI including both 2 and 4 Gy (HR 16.5,
95 % CI 2.1-130.9, P = 0.008).

The cumulative incidences of grade II-IV acute
GVHD were 50, 61 and 15 % in the TBI 4 Gy, TBI
2 Gy and ATG-F groups, respectively (Fig. 1c). The use
of ATG-F was associated with a significantly lower
incidence of grade II-IV acute GVHD as compared to
TBI 2 Gy (P < 0.001). Multivariate analysis showed that
the ATG-F group was associated with a decreased risk of
grade II-IV acute GVHD as compared to TBI 2 Gy
(hazard ratio [HR] 0.17, 95 % CI 0.06-0.44, P < 0.001).
There was no statistically significant difference between
TBI 4 Gy and ATG-F groups. The cumulative incidences
of grade HI-IV acute GVHD were 30, 8 and 0 %
with TBI 4 Gy, TBI 2 Gy and ATG-F, respectively
(Fig. 1d).

The cumulative incidences of chronic GVHD were 50,
57 and 33 % with TBI 4 Gy, TBI 2 Gy and ATG-F,
respectively (Fig. 1e). The ATG-F group had a signifi-
cantly lower incidence of chronic GVHD as compared to
the TBI 2 Gy group (P = 0.038). There was no statistically
significant difference between TBI 4 Gy and ATG-F
groups. Multivariate analysis showed that the use of ATG-
F was associated with a decreased risk of chronic GVHD as
compared to TBI 2 Gy (HR 0.45, 95 % CI 0.23-0.88,
P = 0.019). The cumulative incidences of extensive
chronic GVHD were 30, 45 and 21 % with TBI 4 Gy, TBI
2 Gy and ATG-F, respectively (Fig. 1f). There was no
statistically significant difference between TBI 4 Gy and
ATG-F groups. The ATG-F group had a significantly lower
incidence of chronic GVHD than the TBI 2 Gy group
(P = 0.022). Multivariate analysis showed that the use of
ATG-F was associated with a lower incidence of extensive
chronic GVHD as compared to TBI 2 Gy (HR 0.38, 95 %
CI 0.17-0.89, P = 0.025). There was no statistically sig-
nificant difference between TBI 4 Gy and ATG-F groups.
In the ATG-F group, there was no statistically significant
difference between 5 and 10 mg/kg ATG-F in terms of
posttransplant complications, including acute and chronic
GVHD (data not shown).
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Fig. 1 a Engraftment, b graft failure, ¢ grade II-IV acute GVHD,
d grade III-IV acute GVHD, e chronic GVHD, f extensive chronic
GVHD and g discontinuation of immunosuppressive drugs (2 lower
curves). The competing risks of relapse and death are shown in the 2

The cumulative incidences of the discontinuation of
immunosuppressive drugs are shown in Fig. 1g. We
excluded the TBI 4 Gy group from this analysis because
the incidence of competing events (NRM and relapse) was
high. At 3 years after uBMT, immunosuppressive drugs
were discontinued in 46 % and 23 % of the patients with
ATG-F and TBI 2 Gy, respectively. The probability that
surviving patients would continue immunosuppressive
drugs in the TBI 2 Gy group tended to be higher than that
in the ATG-F group (27 vs. 15 %, P = 0.09).

There were no reported cases of PTLD in this case
series.

Survival

The probabilities of 2-year OS were 40, 60 and 69 % with
TBI 4 Gy, TBI 2 Gy and ATG-F, respectively (Fig. 2a).
There was no statistically significant difference among
three groups. One year after uBMT, the probability of OS
with ATG-F was significantly better than that with TBI
2 Gy and TBI 4 Gy (ATG-F 91 % vs. TBI 2 Gy 68 %,
P = 0.01; vs. TBI 4 Gy 47 %, P < 0.01). A multivariate
analysis for OS showed that older age (age >55) was
associated with an inferior outcome (HR 2.1, 95 % CI
1.1-4.2, P = 0.03). The probabilities of 2-year PFS were
40, 53 and 57 % with TBI 4 Gy, TBI 2 Gy and ATG-F,
respectively (Fig. 2b). There was no statistically significant
difference among three groups. The cumulative incidences
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upper curves. Bidirectional arrows show the proportion of surviving
patients who continued to receive immunosuppressive drugs at
3 years after uBMT (27 vs. 15 % with TBI 2 Gy and ATG-F,
respectively; P = 0.09)

of relapse at 2 years after uBMT were 10, 20 and 37 %
with TBI 4 Gy, TBI 2 Gy and ATG-F, respectively
(Fig. 2¢). There was no statistically significant difference
among three groups. No covariate including the use of
ATG-F was associated with an increased risk for relapse.
The cumulative incidences of 2-year NRM were 50, 28 and
6 % with TBI 4 Gy, TBI 2 Gy and ATG-F, respectively
(Fig. 2d). A multivariate analysis showed that the ATG-F
group had a lower NRM as compared to both TBI 2 Gy and
TBI 4 Gy groups, respectively (HR 0.24, 95 % CI
0.07-0.80, P =0.020; HR 0.12, 95 % CI 0.04-0.38,
P < 0.01). In comparison between TBI 2 Gy and TBI
4 Gy, there was a trend toward an increased risk of NRM
with TBI 4 Gy as compared to TBI 2 Gy (P = 0.074). In
the ATG-F group, there was no statistically significant
difference in the clinical outcomes between 5 and 10 mg/
kg ATG-F, including OS, PFS and NRM (data not shown).
In terms of the type of purine analogue, there was no sta-
tistically significant difference in the clinical outcomes
between Flu and cladribine, including OS, PFS and NRM
(data not shown).

Discussion
We assessed the impact of low-dose ATG-F and low-dose

TBI on the clinical outcomes in patients who received an
uBMT with a purine analogue plus busulfan-based RIC
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regimen. The incidence of acute and chronic GVHD in
patients with ATG-F was low, considering that all patients
received BMT from an unrelated donor and about half of
the patients received BMT from an unrelated donor with
HLA mismatch. The promisingly low incidence of NRM in
the ATG-F group is also an important finding in this study,
considering the patients’ characteristics such as old age and
HLA mismatch. Although this study was not a prospective
randomized-controlled trial, the incidence of NRM in the
ATG-F group was significantly lower than that in the TBI
4 Gy and TBI 2 Gy groups.

In Western countries, the total dose of ATG-F for
GVHD prophylaxis is usually 30-60 mg/kg [6]. In Asian
countries, a smaller dose of ATG is commonly used, since
the incidence of GVHD itself in Asian patients has been
shown to be lower than that in Caucasian patients [8, 9].
Kim et al. [17] reported that the use of low-dose ATG
(Thymoglobulin, 2.5 mg/kg) was associated with a low
incidence of acute GVHD in patients who received an
HLA-mismatched unrelated HSCT. In our study, we used
ATG-F at a dose of 5 or 10 mg/kg. Use of the lower dose of
ATG (5 mg/kg) did not increase the incidence of GVHD
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and was associated with similar clinical outcomes as
compared to the higher dose (10 mg/kg), albeit the size of
the study was limited. Soiffer et al. [18] reported that the
adverse impact of ATG, which increased the incidence of
infectious diseases and relapse, outweighed the lowered
risk of GVHD in patients who received a RIC regimen.
Therefore, the optimal dosage of ATG-F could differ
depending on the intensity of the conditioning regimen. As
shown in this study, the regimen with low-dose ATG-F
significantly reduced the incidence of GVHD as compared
to the TBI-containing regimen without compromising OS,
possibly because low-dose ATG-F did not intensively
suppress the recovery of lymphocytes that recognize
infectious organisms or hematological malignancies. To
confirm our finding, prospective studies are needed to
assess the impact of low-dose ATG-F with a uniform
conditioning regimen and GVHD prophylaxis.

Finke et al. [6] conducted a large randomized-control
trial which demonstrated that the incidence of acute GVHD
was reduced with ATG-F as GVHD prophylaxis without
compromising OS in patients who underwent unrelated
HSCT following a myeloablative conditioning regimen.
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Furthermore, long-term follow-up revealed that the use of
ATG-F significantly reduced the incidence of chronic
GVHD [7]. Another randomized trial using ATG in unre-
lated HSCT also showed that chronic GVHD, especially
chronic lung dysfunction, was reduced in patients who
received ATG [19]. Consistent with their results, the inci-
dences of acute and chronic GVHD with low-dose ATG-F
were significantly lower than those with low-dose TBI in
our study. The probability of OS at 1 year after uBMT was
significantly better with low-dose ATG-F than with low-
dose TBI, which reflects the decrease in GVHD-related
deaths in the early phase. In addition to the decreased risk
of death in the earlier time period after uBMT, more sur-
viving patients with ATG-F discontinued immunosup-
pressive drugs as compared to those with TBI 2 Gy. The
reduction and better control of chronic GVHD should be
associated with an improved quality of life. Such beneficial
effects are important in long-term survivors after uBMT.

The major concern with ATG-F in combination with RIC
in this study was the high incidence of GF (n = 7, 21 %).
Even though 4 patients were rescued by salvage HSCT and
2 patients had autologous recovery, GF is a lethal compli-
cation after allogeneic HSCT. Therefore, it would be better
to avoid a RIC regimen with ATG-F in patients with a high
risk of GF, for example untreated MDS with a history of
transfusion [20]. One option is to use PBSC instead of BM,
since BM is a well-known risk factor for GF [21, 22].
Although another option to improve the rate of engraftment
in such cases could be the combination of TBI 2 Gy and
ATG-F, we have not yet tested this regimen.

Another concern with ATG-F is PTLD. The incidence of
PTLD with in vivo T cell depletion using ATG varies.
Soiffer et al. [18] reported that the incidence of PTLD was
2 % in patients who received a RIC regimen with ATG. In
our study, there were no cases of PTLD. Although the size
of our study was small, the risk of PTLD might be tolerable
because T cell depletion was not intense.

The limitations of this study should be clarified. This
was a retrospective study that assessed the impact of ATG-
F or TBI on the clinical outcomes in patients who received
a RIC regimen. At first, TBI 4 Gy group included patients
who received uBMT during an earlier time period as
compared to the other 2 groups (Table 1). Poor clinical
outcome in TBI 4 Gy group was similar to our previous
report (n = 17, NRM 46 % at 1 year) [4]. The high inci-
dence of NRM in the TBI 4 Gy group in the current study
(n = 30, NRM 50 % at 2 years) might be partly explained
by the increased regimen-related toxicity. Considering the
high incidence of severe acute GVHD in the TBI 4 Gy
group, GVHD prophylaxis using CSP might be insufficient
in uBMT with a RIC regimen. The improvement of sup-
portive care might also affect the incidence of NRM in
recent years in the TBI 2 Gy and ATG-F groups as

reported [23, 24]. Second, the decision on whether a patient
received ATG-F or TBI 2 Gy was based on the preference
of each transplant physician and patient, which could lead
to a significant selection bias. Furthermore, the character-
istics of the patients were heterogeneous. Especially, the
underlying disease varied significantly. The benefit of low-
dose ATG-F should be re-evaluated.

In conclusion, the use of low-dose ATG-F in combina-
tion with a purine analogue plus Bu-based RIC regimen
was associated with a promisingly low incidence of acute
and chronic GVHD without compromising OS. The NRM
rate in the ATG-F group was significantly lower than that
in the TBI 4 Gy and TBI 2 Gy groups. The role of low-
dose ATG-F as prophylaxis for GVHD should be further
assessed with a uniform conditioning regimen in a pro-
spective clinical trial.
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Core binding actor acute myelid leukemia is kno

__ ABSTRACT .
wn to have a favorable p

rognosis, however, there have been no

detailed analyses on prognostic factors after first relapse. Using a nationwide database, we retrospectively ana-
lyzed core binding factor acute myeloid leukemia patients who relapsed after being treated with chemotherapy
alone during their first complete remission. Of a total of 397 patients who were diagnosed with core binding factor
acute myeloid leukemia, 208 experienced a first relapse, and analyses were performed in 139 patients for whom
additional data were available. In the entire cohort, the overall survival rate after relapse was 48% at 3 years. By
multivariate analysis, younger age at diagnosis, a longer interval before relapse, and inv(16) were shown to be inde-
pendently associated with better survival after relapse. Although there was no significant difference in survival
after relapse between patients who underwent allogeneic hematopoietic cell transplantation and those who did
not in the overall series of relapsed patients, we found that transplantation significantly improved survival among
patients who had t(8;21) (54% versus 26 % at 3 years, P=0.002). In addition, among patients with t(8;21), those who
had different cytogenetics at relapse had a significantly improved survival after transplantation, while those who
had same cytogenetics did not. We showed that the prognosis differs significantly and optimal treatment strategies
may vary between groups of patients with core binding factor acute myeloid leukemia with different cytogenetic

profiles at relapse. These findings may help to guide therapeutic decisions after first relapse.

Introduction

Core binding factor acute myeloid leukemia [CBE-AML:
(inv(16)/t(16;16)/del(16q) or t(8;21)] is considered to have a
favorable/good risk according to existing cytogenetic classifi-
cations, including Southwest Oncology Group (SWOG) cri-
teria," Medical Research Council (MRC) criteria,*® and
Cancer and Leukemia Group B (CALGB)." These forms of
leukemia are not, therefore, usually considered to be candi-
dates for allogeneic hematopoietic cell transplantation (HCT)
in first complete remission (CR1)."** However, previous
studies have reported a relapse incidence of 25-58%%” in
CBE-AML treated with chemotherapy alone, which demon-
strates that a substantial number of patients with CBF-AML
eventually require salvage treatment. Although several stud-
ies have tried to identify the factors that predict the outcome

after relapse in AML patients,™" little is known about the
impact of either the clinical characteristics of CBF-AML at
the time of relapse or the treatment strategies adopted after
relapse. Although high-dose cytarabine has been shown to
prolong the remission duration and improve the prognosis,
especially in patients with CBE-AML,"** a benefit of high-
dose cytarabine after first relapse has not been evaluated. We
previously showed that patients with CBF-AML who
achieved a second complete remission (CR2) had comparable
survival outcomes regardless of whether they did or did not
receive salvage allogeneic HCT.” However, detailed analyses
on clinical data, including cytogenetics at the time of relapse,
and salvage treatment after relapse were not performed
because of the lack of data. To address this issue and clarify
the optimal treatment strategies for relapsed CBF-AML, we
retrospectively analyzed CBF-AML patients who had their
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first relapse after being treated with chemotherapy alone
during CR1.

Methods

Patients

Adults with AML who had achieved CR1 were retrospective-
ly registered in a nationwide AML database, which formed the
basis of this study.®” This database included patients who were
between 16 and 70 years of age, were diagnosed with AML
between 1999 and 2006 according to the World Health
Organization classification, and had achieved CR with one or
two courses of chemotherapy. Seventy institutions contributed
patients to the database. In the original database, information
was collected on patient-related factors (e.g., age, sex), disease-
related factors [e.g., cytogenetics, white blood cell (WBC) count
at diagnosis], and clinical outcome including the date of relapse
and achievement of CR2. For patients who underwent allogene-
ic HCT after relapse, complementary information on HCT (e.g.,
interval from relapse to HCT, disease status at the time of HCT,
conditioning regimen, and donor source) was also collected. To
perform this current study, supplementary information was col-
lected for CBF-AML patients who had their first hematologic
relapse. Additional data collected concerned cytogenetics and
WBC count at first relapse, chemotherapy regimen adopted after
the first relapse, and response to the initial treatment after the
first relapse. Chromosome analysis was performed on
metaphases from samples of bone marrow using standard band-
ing techniques. Karyotypes were determined according to the
International System for Human Cytogenetic Nomenclature.
The cytogenetic data at relapse were centrally reviewed by a
doctor who specialized in chromosome analysis, and classified
into ‘same cytogenetics’ or ‘different cytogenetics’ from those at
diagnosis. We categorized the “different cytogenetics” into three
groups: decrease in cytogenetic abnormalities, increase in cyto-
genetic abnormalities, and unrelated change. A decrease or
increase in cytogenetic abnormalities was defined as different
chromosomal karyotypes harboring the original CBF-associated
abnormality. Unrelated change was defined as a chromosomal
karyotype that lost the original CBEF-associated abnormality. The
increase in cytogenetic abnormalities was further subdivided
into two groups: numerical changes [e.g., 46,XY,inv(16)(p13;q22)
— 47 XY,inv(16)(p13g22),+22] and structural changes [e.g.,
46,XX,t(8;21)(q22;q22) - 46,XX,t(8;21)(q22;q22),
t(9;10)(q34;q11)]. This study was approved by the Institutional
Review Board at the National Cancer Centre Hospital.

Statistical analysis

Data were retrospectively reviewed and analyzed as of March
2012. Distributions of patients’ characteristics between groups
were compared using the chi-square test for categorical variables
and the Wilcoxon rank-sum test for continuous variables. A
Kaplan-Meier survival analysis was performed to estimate the
probabilities of overall survival, which was defined as the time
from the first relapse to death or the last visit. Differences in overall
survival between groups were compared by means of the log-rank
test. To compare the outcomes of patients who received allogeneic
HCT after relapse and those who did not, we performed landmark
analyses by excluding patients who died within 120 days from
relapse. The Cox regression model was used to estimate hazard
ratios (HR) and 95% confidence intervals (CI). As covariates con-
sidered in univariate and multivariate analyses, we selected clini-
cally important factors that were present at the first relapse. All sta-
tistical analyses were performed with SPSS software version 11.0.1
(SPSS, Chicago, IL, USA) and EZR (Saitama Medical Center, Jichi

Medical University), which is a graphical user interface for R (The
R Foundation for Statistical Computing).

Results

Characteristics of relapsed patients

Of the total of 2516 patients, 397 were diagnosed with
CBF-AML. Twenty-six patients underwent allogeneic
HCT during CR1 [17 patients with t(8;21) and 9 with
inv(16)]. Among the 371 patients who were treated with
chemotherapy alone during the CR1, 208 (56%) experi-
enced a first hematologic relapse, and analyses were per-
formed in 139 [92 patients with t(8;21) and 47 with inv(16)
including three with t(16;16)] for whom additional data
were available (Figure 1). When compared using the char-
acteristics obtained in the original database including over-
all survival after relapse, there was no difference in charac-
teristics or overall survival between the 139 patients who
were analyzed and the 69 for whom additional data were
not available. The characteristics of the 139 relapsed
patients are summarized according to cytogenetics [i.e.,
inv(16) versus t(8;21)] in Table 1. The median age of the
relapsed patients was 47 years (range, 16-70). The median
interval from CR1 to relapse was 284 days (range, 24-
1948), and there was no difference between the two cyto-
genetic groups.

We investigated the cytogenetic profile at relapse in
comparison with that at diagnosis. Cytogenetic data were
not available for 10% of the patients because of an insuf-
ficient count of mitotic cells or because a chromosome
analysis was not performed at relapse. Different cytoge-
netics were observed in 36% and 28% of those with
t(8;21) and inv(16), respectively, and included a decrease in
cytogenetic abnormalities (1% and 6%), an increase in
cytogenetic abnormalities: numerical change (0% and
11%), an increase in cytogenetic abnormalities: structural
change (21% and 0%), and unrelated changes (14% and
11%).

Therapeutic strategies and response after relapse
Online Supplementary Table S1 and Figure 1 show the

AML in CR1 CBF-AML - Allo-HCT in CR1
N=2516 N=397 N=26
12
Av::\l;blei;or 15t relapse
No139 bi5208
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Figure 1. Flow diagram of patients. Allo-HCT: allogeneic hematopoi-
etic cell transplantation; Ctx: chemotherapy; NR: non-remission; CR:
complete remission.




treatments adopted after the first relapse. Six patients did
not receive re-induction chemotherapy after relapse.
Three of them underwent allogeneic HCT in non-remis-
sion and the other three died within 1 year without under-
going allogeneic HCT. As the first re-induction
chemotherapy, standard-dose cytarabine-based therapy
was given to 66% of the total population, and 21%
patients received high-dose cytarabine-based treatment
(.e., 2 g/m’ per dose or more). About 80% of those who
received re-induction therapy continued cytarabine-based
consolidation chemotherapy by the physicians’ discretion.
The rate of achievement of CR2 after the first re-induction
therapy was 64 %, and eventually 74% of those who were
treated with chemotherapy after relapse achieved CR2.
There was no significant difference in the rate of achieve-
ment of CR2 between those who received standard-dose
cytarabine or high-dose cytarabine as the first therapy
(standard-dose cytarabine, 68%; high-dose cytarabine,
59%; less-intensive chemotherapy, 42%). Although there
was no difference in the proportions of re-induction regi-
mens chosen in the two cytogenetic groups, those with
inv(16) were significantly more likely to achieve CR2 with
the first re-induction therapy (52% versus 79%, P=0.003).
Only six patients underwent autologous HCT after
relapse.

Table 1. Patients’ characteristics.

Age
Median, years (range)
G

43 (17-70)

51 (16-68)

French-American-British classification

MO, n. (%) 0(0) 0(0)
M1, n. (%) 2(2) 3 (6)
M2, n. (%) 86 (33) 11 (23)
M4, n. (%) 2(2) 33 (70)
M5, n. (%) 1) 0 (0)
M, n. (%) 0(0) 0 (0)
M7, n. (%) 0(0) 0 (0)
Others, n. (%) 10 0 (0)

WBC at relapse

Median, 10%L(range) 2.9 (1.0-2478)

40 Ay
Interval from CR1 to relapse
Median, days (range)

278 (26-1948)

302 (24-1350)

CRI.: first complete remission

*44. XX 1(4,17)(p16;q11,2),inv(16)(p13922) — 46,XX,inv(16)(p13922)
** 46XYinv(16)(p13q22) — 46XYinv(16)(p13¢22), +22

2446, XX,0(8:21)(g22,q22) — 46,XX,1(8;21)(q22,q22),1(9;10)(g34:q1 1)

. Prognosis of relapsed CBF-AML

Salvage allogeneic hematopoietic cell transplantation
after relapse

Of the 139 relapsed patients, 96 (69 %), who accounted
for71% and 66% of those with t(8;21) and inv(16), respec-
tively, underwent allogeneic HCT after the first relapse
(Table 2). The median age of those who underwent allo-
geneic HCT was 40 years (range, 16-66), which was signif-
icantly younger than that of the 43 patients who did not
undergo allogeneic HCT (56 years, P<0.001). The interval
from relapse to allogeneic HCT was 149 days, and allo-
geneic HCT was performed during CR2 in 57% of those
who underwent salvage allogeneic HCT. The transplant
was from an unrelated donor in 64% of cases, and a mye-
loablative conditioning regimen was used in 73% of the
total population who underwent allogeneic HCT after
relapse.

Overall survival after the first relapse

The median follow-up of surviving patients was 38
months from relapse, and the 3-year overall survival rate
after relapse was 48% for the whole group of relapsed

Table 2. Characteristics of allogeneic hematopoietic cell transplantation after
relapse.

Age, years

Median, years (range) 40 (16:66)  35(17-66) 44 (16-65)

Cytogenetics at relapse
Same cytogenetics, n. (%) 53 (55) 37 (57) 16 (52)
Different cytogenetics, n. (%) 29 (30) 21 (32) 8 (26)
Decrease in abnormalities, n. (%) 5 (5) 3(5) 2 (6)
Increase in abnormalities

Numerical change, n. (%) 5(5) 0(0) 5(16)
Structural change, n. (%) 12 (13) 12 (18) 0(0)
Unrelated change, n. (%) 909 6(9) 3(10)
12(13) 711 5 (16)

No available data, n. (%)

p

Median, days (range) 149 (34-943) 148 (34-910) 181 (62-943)

Donor
Related, HLA matched, n. (%) 27 (28) 20 31 7(23)
Related, HLA one-antigen 5(0) 4(6) 13
mismatched, n. (%)
Unrelated, bone marrow, n. (%) 45 (47) 30 (46) 15 (48)
Unrelated, cord blood, n. (%) 16 (17 9014 7(23)
Others or unknown, n. (%) 3(3) 2(3) 1(3)

CR2: second complete remission; CR3: third complete remission.
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patients with CBF-AML (Figure 2A). Patients with inv(16)
had a better overall survival rate after relapse compared to
those with t(8;21) (57 % versus 43% at 3 years after relapse,
P=0.022, Figure 2B). Patients’ age at diagnosis (49 years or
younget, 57 %; 50 years or older, 34%, P=0.002, Figure 2C)
and the interval from CR1 to relapse (=365 days, 71%;
<365 days, 35%, P<0.001, Figure 2D) significantly affected
overall survival after relapse. With regards to the changes
in cytogenetics at relapse, we divided patients into two
groups: those who had an increase in structural abnormal-
ities (n=19), and those who had either the same cytoge-
netics or other changes (n=105). We excluded the 15
patients for whom data were not available. Patients who
had an increase in structural abnormalities had a signifi-
cantly worse overall survival than those with the same
cytogenetics or other changes (35% versus 51%, P<0.001,
Figure 2E). We also found that a higher WBC count at
relapse was associated with a worse survival rate after
relapse (WBC =5x10°/L, 54% versus WBC>5x10%L, 35%,
P=0.041). However, the WBC count at diagnosis did not

1.0
0.8
0.6
0.4

0.2

affect the outcome of CBF-AML after relapse. We also
compared the outcomes on the basis of treatment adopted
after relapse. There was no difference in overall survival
between patients who received standard-dose cytarabine
and those who received high-dose cytarabine (standard-
dose cytarabine, 49%; high-dose cytarabine, 60%,
P=0.257, Figure 2F). When the analysis was limited to the
patients who have t(8;21), those who received high-dose
cytarabine had a significantly better overall survival after
relapse (87 % versus 65%, P=0.036). We also looked at the
effect of high-dose cytarabine given at any point after
relapse. There was no difference in overall survival
between patients who received high-dose cytarabine
(n=64) and those who did not (n=75, 52% versus 43%,
P=0.247). Achievement of CR2 after the first re-induction
chemotherapy significantly improved the outcome after
relapse (62% versus 23%, P<0.001, Figure 2G).

We performed a landmark analysis to compare overall
survival after relapse in patients who underwent allogene-
ic HCT at any time after relapse and those who did not.

P=0.002

0.0

2 3
Years after relapse

P<0.001

0.8 7 CR1 to relapse = 365 days

0.6 1 L

0.4 1 Sl 04 - L

Increase in
0.2

0.0 0.0

2 3
Years after relapse

T 4

_______________

0.2 4 structual abnormality ey

2 3
Years after relapse

F
P<0.001 10 p=0.257

08
- High dose araC

0.6

Standard dose araC

0.2

0.0

0 1 2 3 4 5 0
Years after relapse

P<0.001

Achievement of CR2
after 1% re-induction

08 1"

061

2 3
Years after relapse

2 3
Years after relapse

" Figure 2. Kaplan-Meier curves for overall survival after 1% relapse (A) in the whole group
0.4 A " of relapsed patients with CBF-AML (N=139); (B) according to cytogenetics [1(8;21), N=92;
"y t(16), N=47], (C) patients’ age at diagnosis (age<49, N=81; age=50, N=58), (D) interval

0.2 4 e - fyom CR:L_to relapse (<364 day‘s, N=89; 2365 days, N=5(_J), (E) cytogenetics at relapse
CR2 achievement (=)~ t---mmommnnnn (increase in structural abnormality, N=19; same cytogenetics or other changes, N=105),
0.0 (F) first re-induction therapy regimen (standard-dose cytarabine, N=92; high-dose cytara-

bine, N=29), and (G) achievement of CR2 with the first re-induction therapy (yes, N=85;

0 1 2 3 4 5 A
Years after relapse no, N=54).




The landmark analysis at 120 days excluded ten patients
who died within 120 days of the date of relapse. The 3-
year overall survival after relapse was 55% in 95 patients
who underwent allogeneic HCT after relapse and 42%
among 34 who did not (P=0.127, Figure 3A). Among
patients who had t(8;21), the overall survival rate of those
who underwent allogeneic HCT was significantly higher
than that of patients who did not (54% versus 26% at 3
years after relapse, P=0.002, Figure 3B). In contrast, in
patients who had inv(16), there was no difference in the
overall survival rates between those who underwent allo-
geneic HCT and those who did not (57% versus 60%,
P=0.901, Figure 3C). We further looked at the benefit of
allogeneic HCT in patients with t(8;21) based on cytoge-
netic profile at relapse. In patients with t(8;21) who had
different cytogenetics at relapse, the overall survival rate
was significantly higher in those who underwent allo-
geneic HCT than in those who did not (56% versus 0%,
P=0.022, Figure 3D). However, those who had same cyto-
genetics did not have a clear benefit from allogeneic HCT
after relapse (54% versus 46%, P=0.148, Figure 3E). We
found that overall survival did not differ significantly in
regard to donor source (related versus unrelated bone mar-
row versys unrelated cord blood) or conditioning (mye-
loablative versus reduced-intensity).

Multivariate analysis for overall survival
after the first relapse

Table 3 shows the results of univariate and multivari-
ate analyses for overall survival after relapse. In a univari-

_ Prognosis of relapsed CBF-AML

ate analysis that considered clinically important factors
which were present at the first relapse, a younger age at
diagnosis, a longer interval from CRI1 to relapse, the
absence of an increase in structural abnormalities, and a
WBC count of 5x10°/L or less at relapse were each shown
to be significantly associated with better overall survival.
In multivariate analysis, patients’ age and the interval
from CR1 to relapse remained statistically significant,
and t(8;21) compared to inv(16) was shown to be inde-
pendently associated with worse overall survival after
relapse. Cytogenetics at first relapse (increase in structur-
al abnormality versus others) was excluded from the ini-
tial model of multivariate analysis because of the interac-
tion with cytogenetic profile at diagnosis [inv(16) versus
t(8;21)]: an increase in structural abnormality was
observed only in patients with t(8;21), therefore, either
of cytogenetics at relapse or at diagnosis needed to be
excluded from multivariate analysis. When we replaced
cytogenetic profile at diagnosis with cytogenetics at first
relapse, increase in structural abnormality was shown to
be an independent prognostic factor associated with
worse overall survival. We also looked at the effect of
allogeneic HCT after relapse by adding performance of
allogeneic HCT as a time-dependent covariate in a mul-
tivariate analysis. Allogeneic HCT after relapse was not
an independent prognostic factor by multivariate analy-
sis, which was in line with the landmark analysis in the
patients as a whole. In addition, the regimen of initial re-
induction chemotherapy (standard versus high-dose
cytarabine) was not shown to be significantly associated

A Total patients
B (8, 21) C inv(18)
10 P=0127 10 1 POO02 o T P=0.901
0.8 0.8 081 "1
Allo-HCT (+ Alio-HCT (-)
061 H ® 06| L. Allo-HCT (+) P T
04 S 04 : 04 Allo-HCT (+)
Allo-HCT (-) L Allo-HCT ()
02 1 02 e 02
0.0 0.0 0.0
0 1 2 3 4 5 0 2 3 4 0 2 3
Years after relapse Years after relapse Years after relapse
1(8;21) 1(8;21)
D different cytogenetics at relapse E same cytogenetics at relapse
1071 P=0.022 1.0 1 P=0.148 Figure 3. Landmark analysis of overall
H survival after 1% relapse for those who
] underwent allogeneic HCT (allo-HCT)
03 08 and those who did not among (A) the
whole population (allo-HCT, N=95; no
0.6 1 Allo-HCT (+) 0.6 allo-HCT, N=34), (B) patients with
- 1(8;21) (allo-HCT, N=64; no allo-HCT,
] e [ N=19), (C) patients with inv(16) (allo-
0.4 1 0.4 Allo-HCT (+) HCT, N=31; no allo-HCT, N=15), (D)
15 T patients with 1(8;21) who had different
0.2 - ; 02 cytogenetics at relapse (allo-HCT, N=21;
¢ Allo-HCT (-) no allo-HCT, N=8), and (E) patients with
: 0.0 t(8;21) who had the same cytogenetics
0‘00 5 ~ 0 at relapse (allo-HCT, N=37; no alio-HCT,

2 3
Years after relapse

2 3 4
Years after relapse

N=10).
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with overall survival after relapse when added in the ini-
tial model of multivariate analysis.

Discussion

Using a nationwide database of adult AML patients
who achieved CR1, we retrospectively analyzed CBF-
AML patients who had their first hematologic relapse
after being treated with chemotherapy alone, to evaluate
the impact of the clinical characteristics of CBF-AML at
the time of relapse on the outcome. We previously
showed that patients with CBF-AML had comparable sur-
vival outcomes whether or not they underwent allogeneic
HCT after achieving CR2”’ In this additional study, we
showed that the effect of allogeneic HCT after relapse dif-
fers between patients with t(8;21) and those with inv(16),
and optimal treatment strategies may vary between the
two cytogenetic groups.

In this study, we examined the cytogenetic profile at
relapse in comparison with that at diagnosis. We found
that patients who had an increase in structural abnormali-
ties at relapse had a significantly worse overall survival
than other patients. Interestingly, among those who had
different cytogenetic abnormalities, an increase in structur-
al abnormality was observed only in patients with t(8;21).
This inferior outcome of patients who had an increase in
structural abnormalities in the t(8;21) group may have
influenced the difference in prognosis after relapse
between patients with t(8;21) and those with inv(16).

In the whole group of patients with CBF-AML who
relapsed, the overall survival rate was 48% at 3 years after
relapse, which was better than the previously reported
overall survival of 30% after relapse of non-M3 AML By
multivariate analysis, we found that an age of 49 years or
younger at diagnosis, a longer interval from CRI1 to
relapse, and harboring inv(16) were associated with better
outcome after relapse. Patients’ age and relapse-free inter-
val were shown to affect the outcome of patients with
recurrent or relapsed AML in a prior study that investigat-
ed the prognosis of non-M3 AML after relapse." Older age

Table 3. Factors associated with survival after 1+ relapse.

was also reported to be an independent factor that predict-
ed shorter survival after relapse in a prior study® that ana-
lyzed prognostic factors of CBE-AML.

In this study, we showed that patients with t(8;21) had
a significantly inferior prognosis compared to those with
inv(16), as had been reported in prior studies.”*"* In addi-
tion, we found other differences between the two cytoge-
netic groups regarding prognosis based on the treatment
strategies after relapse. Although the effect of high-dose
cytarabine as a consolidation therapy after CR1 has been
shown,** we did not find a remarkable difference in over-
all survival between those who received standard-dose or
high-dose cytarabine after relapse. However, in an analy-
sis limited to patients with t(8;21), those who received
high-dose cytarabine as the first re-induction therapy had
a significantly improved overall survival. The impact of
high-dose cytarabine intensification in patients with CBF-
AML after relapse needs to be evaluated in more detail in
an analysis of a larger number of patients.

We previously indicated that, in patients with relapsed
CBE-AML, there was no significant difference in overall
survival after relapse between those who did or did not
undergo allogeneic HCT in CR2.? In this additional study,
allogeneic HCT did not significantly improve overall sur-
vival among the whole group of patients with relapsed
CBF-AML. However, in patients who had t(8;21), those
who underwent allogeneic HCT had a significantly
improved overall survival compared to those who did not.
In contrast, in patients who had inv(16), those who did
and did not receive allogeneic HCT had comparable over-
all survival rates of about 60% at 3 years after relapse.
Additionally, in a further analysis based on cytogenetic
profile at relapse, we found that those with t(8;21) who
had different cytogenetics at relapse had a significantly
improved overall survival when they underwent allogene-
ic HCT after relapse, but those who had the same cytoge-
netics did not show a benefit from allogeneic HCT. The
evaluation of minimal residual disease detected by molec-
ular markers may further stratify treatment strategies for
patients with relapsed CBF-AML®? especially among
those who did not derive an apparent benefit from allo-

Gender
Male 1
Female 0.69 (043-1.11)

Interval from CR1 to relapse

As a numerical variable (per 30 days) (0.89-0.96)

_t(821)
Cytogenetics at 1* relapse
Other than increase in structural abnormalities 1

Increase in structural abnormalities 1.96

(1.09-352)

1

0.123 0.87

(051-149)

0.617

0.94




